Introduction {#tca13487-sec-0005}
============

Lung cancer is the most commonly diagnosed cancer and the leading cause of cancer‐related death in the world, with non‐small cell lung cancer (NSCLC) comprising the vast majority (85%) of all lung carcinomas.[^1^](#tca13487-bib-0001){ref-type="ref"}, [^2^](#tca13487-bib-0002){ref-type="ref"}, [^3^](#tca13487-bib-0003){ref-type="ref"} Epidermal growth factor receptor (*EGFR*) gene mutations, which account for approximately 10%--15% of NSCLCs, defined a prevalent molecularly‐classified subgroup of NSCLC.[^4^](#tca13487-bib-0004){ref-type="ref"}, [^5^](#tca13487-bib-0005){ref-type="ref"} The first group of *EGFR* mutations containing in‐frame deletions of exon 19 (45% of *EGFR* mutations) and exon 21 L858R point mutation (40% of *EGFR* mutations), has been found to respond to monotherapy with EGFR tyrosine kinase inhibitors (TKIs) gefitinib and erlotinib.[^6^](#tca13487-bib-0006){ref-type="ref"}, [^7^](#tca13487-bib-0007){ref-type="ref"}, [^8^](#tca13487-bib-0008){ref-type="ref"}, [^9^](#tca13487-bib-0009){ref-type="ref"}, [^10^](#tca13487-bib-0010){ref-type="ref"}, [^11^](#tca13487-bib-0011){ref-type="ref"} However, the other main group in NSCLC, composed of in‐frame insertions within exon 20 (4%--10% of all *EGFR* mutations), is intrinsically resistant to EGFR inhibitors and lacks an effective therapy.[^12^](#tca13487-bib-0012){ref-type="ref"}, [^13^](#tca13487-bib-0013){ref-type="ref"}, [^14^](#tca13487-bib-0014){ref-type="ref"}, [^15^](#tca13487-bib-0015){ref-type="ref"}, [^16^](#tca13487-bib-0016){ref-type="ref"}, [^17^](#tca13487-bib-0017){ref-type="ref"}, [^18^](#tca13487-bib-0018){ref-type="ref"}, [^19^](#tca13487-bib-0019){ref-type="ref"}, [^20^](#tca13487-bib-0020){ref-type="ref"}, [^21^](#tca13487-bib-0021){ref-type="ref"}, [^22^](#tca13487-bib-0022){ref-type="ref"}

Many recent studies have explored the therapeutic strategy for EGFR exon 20 insertion mutations, and several candidate inhibitors have been developed.[^2^](#tca13487-bib-0002){ref-type="ref"} In a phase II trial, poziotinib had a confirmed objective response rate of 64% for such mutations.[^4^](#tca13487-bib-0004){ref-type="ref"} Another study found that afatinib, an irreversible pan‐HER inhibitor, had an 8.7% response rate.[^23^](#tca13487-bib-0023){ref-type="ref"} Dacomitinib, luminespib, TAK‐788, cetuximab with erlotinib and cetuximab with afatinib have been found to have some degree of benefit for patients with tumors harboring such mutations.[^24^](#tca13487-bib-0024){ref-type="ref"}, [^25^](#tca13487-bib-0025){ref-type="ref"}, [^26^](#tca13487-bib-0026){ref-type="ref"}, [^27^](#tca13487-bib-0027){ref-type="ref"}, [^28^](#tca13487-bib-0028){ref-type="ref"} In addition, tarloxotinib, TAS6417, and compound 1A have also been reported to have inhibitory effects on EGFR exon 20 insertion mutations in preclinical investigations.[^29^](#tca13487-bib-0029){ref-type="ref"}, [^30^](#tca13487-bib-0030){ref-type="ref"}, [^31^](#tca13487-bib-0031){ref-type="ref"} However, there remains a great need to identify new strategies to overcome the innate drug resistance of NSCLC tumors harboring exon 20 insertions in EGFR.

Erlotinib is a reversible EGFR TKI used to treat non‐small cell lung cancer (NSCLC), pancreatic cancer and several other types of cancer. Several researches have shown that erlotinib has a survival benefit in the treatment of lung cancer in phase III trials, and that erlotinib added to chemotherapy improved overall survival by 19%, and improved progression‐free survival (PFS) by 29% in unresectable NSCLC, when compared to chemotherapy alone.[^32^](#tca13487-bib-0032){ref-type="ref"}, [^33^](#tca13487-bib-0033){ref-type="ref"} In lung cancer, erlotinib has been shown to be effective in patients with *EGFR* mutations containing in‐frame deletions of exon 19 and exon 21 L858R point mutation, but appears to be resistant in patients with *EGFR* exon 20 insertion mutations.[^5^](#tca13487-bib-0005){ref-type="ref"}, [^34^](#tca13487-bib-0034){ref-type="ref"}, [^35^](#tca13487-bib-0035){ref-type="ref"}, [^36^](#tca13487-bib-0036){ref-type="ref"}

Ellagic acid (EA) is a natural phenol compound with antioxidant and antitumor properties that is found in numerous fruits and vegetables, such as pomegranates, cranberries, raspberries, strawberries, grapes and mushrooms. In recent years, the antitumor activity of EA has been extensively investigated in a number of in vitro and in vivo models.[^37^](#tca13487-bib-0037){ref-type="ref"}, [^38^](#tca13487-bib-0038){ref-type="ref"}, [^39^](#tca13487-bib-0039){ref-type="ref"}, [^40^](#tca13487-bib-0040){ref-type="ref"} Liu *et al*. reported that EA promotes A549 cell apoptosis via regulating the phosphoinositide 3‐kinase/protein kinase B pathway.[^38^](#tca13487-bib-0038){ref-type="ref"} Jeong *et al*. claimed that EA inhibits the growth of EGFR TKI‐resistant NSCLC cells, HCC827 and H1993.[^39^](#tca13487-bib-0039){ref-type="ref"} Duan *et al*. indicated that EA induces autophagy and exhibits antilung cancer activity in vitro and in vivo.[^40^](#tca13487-bib-0040){ref-type="ref"} In this study, the combined antitumor effect of EA with erlotinb was explored in a Ba/F3 cell model harboring *EGFR* H773_V774 insH mutation.

Because there is currently no lung cancer‐derived cell line harboring *EGFR* exon 20 insertion mutations, the murine bone marrow‐derived cell line, Ba/F3, has generally been used to express such mutations. The advantage of the Ba/F3 model system is the ability to generate cells whose survival depends on mutant *EGFR*.[^41^](#tca13487-bib-0041){ref-type="ref"} Yasuda *et al*. expressed seven *EGFR* exon 20 insertion mutations in Ba/F3 cells.[^5^](#tca13487-bib-0005){ref-type="ref"} Yuza *et al*. obtained three Ba/F3 cell lines expressing *EGFR* exon 20 insertions.[^36^](#tca13487-bib-0036){ref-type="ref"} In this study, we generated a Ba/F3 cell line expressing *EGFR* H773_V774 insH mutation which accounts for approximately 10% of all *EGFR* exon 20 insertion mutations in NSCLC,[^2^](#tca13487-bib-0002){ref-type="ref"} and identified a synergistic strategy by EA with erlotinib against *EGFR* H773_V774 insH mutation. The in vitro results indicated that EA with erlotinib inhibited the growth and clonogenic potential of Ba/F3‐insH cells, and promoted cell apoptosis. In a xenograft model of Ba/F3‐insH cell line, the combination of EA with erlotinib exhibited synergistic reduction in tumor growth.

Methods {#tca13487-sec-0006}
=======

Reagents and compounds {#tca13487-sec-0007}
----------------------

RPMI 1640 medium and fetal bovine serum (FBS) were purchased from Gibco (Invitrogen, Carlsbad, CA, USA). Penicillin‐streptomycin (P/S) solution was obtained from Solarbio (Beijing, China). Neo Transfection System and Kits were from Invitrogen (Carlsbad, CA, USA). EGFR H773_V774 insH plasmid was purchased from Addgene (Cambridge, MA, USA). The 56 compounds tested for synergy with erlotinib were obtained from BioBioPha Co., Ltd. (Kunming China). Erlotinib was purchased from Selleck Chemicals (Houston, TX, USA). All compounds were dissolved in dimethyl sulfoxide (DMSO; Amresco, Houston, TX, USA) and stored at −20°C until use.

Cell culture {#tca13487-sec-0008}
------------

The WEHI cell line (myelomonocytic leukemia, macrophage‐like, BALB/c mouse cells; Chinese Academy of Sciences, Kunming, China) was cultured in RPMI 1640 medium supplemented with 10% FBS and 1% P/S. The cell medium was collected every two days and filtered as the source of IL3. The Ba/F3 cell line (Chinese Academy of Sciences, Kunming, China) was maintained in RPMI 1640 supplemented with 10% FBS, 1% P/S, and 1% WEHI‐conditioned medium; the medium was changed every two days. All cells were grown at 37°C in a humidified atmosphere with 5% CO~2~.

Ba/F3‐insH stable cell line {#tca13487-sec-0009}
---------------------------

Ba/F3 cells were cultivated up to approximately 80% confluence on the day of electroporation. Before electroporation, the cells were harvested and washed with phosphate buffered saline (PBS; Solarbio), counted, and resuspended in R resuspension buffer (included with Neon Kits) at a final density of 5 × 10^7^ viable cells/mL. The plates were prepared by filling them with the appropriate volume of culture medium containing FBS and IL3, and preincubated at 37°C in a humidified 5% CO~2~ incubator. Then, 0.1 mL sterile plasmid was gently mixed with 0.9 mL cell suspension and electroporation was conducted using the Neon Transfection System at 1600 V, 10 ms, three pulses, according to the manufacturer\'s instructions. After electroporation, the cells were immediately transferred to a plate for recovery, and normal medium of Ba/F3 cells was added to the plate 24 hours later. After 48 hours, the medium was changed for IL3‐deprived medium containing FBS and P/S. The cells were moved to 96 well plates for the selection of IL3‐independent clones. After the selection, cells were subjected to monoclone. The Ba/F3 cells stably expressed the *EGFR*‐insH mutation were used for subsequent experiments.

Flow cytometry analysis {#tca13487-sec-0010}
-----------------------

Expression of the EGFR molecule in transfected Ba/F3 cells was initially assessed by flow cytometry. In brief, IL3‐independent cells and untransfected cells (as a negative control) were collected and washed twice in PBS, then stained with fluorescein isothiocyanate (FITC)‐conjugated anti‐human EGFR antibody (CST, Beverly, MA, USA) for 30 minutes at room temperature, and washed twice with PBS again. Approximately 10 000 events were collected in BD FACS Calibur flow cytometer (BD Bioscience, San Jose, CA, USA) and acquired data were analyzed using FlowJo analysis software version 10 (TreeStar, Inc., Ashland, OR, USA).

Western blotting {#tca13487-sec-0011}
----------------

Cells for immunoblots were collected and lysed in lysis buffer (Solarbio, Beijing, China) supplemented with protease and phosphatase inhibitors. Samples were placed on ice for 30 minutes and centrifuged at 15 000 rpm for 10 minutes at 4°C. Protein concentrations were determined using a BCA assay (Bio‐Rad, San Francisco, CA, USA). Equal amounts of protein (20 μg) were loaded onto SDS‐polyacrylamide gels, and transferred to a polyvinylidene difluoride membrane (Millipore, MA, USA). The membranes were blocked in 5% milk and incubated with the indicated primary antibodies, EGFR (1005), PARP, cleaved PARP and Bax from CST (Beverly, MA, USA), TUBB4 from Origin (Rockville, MD, USA). Proteins were detected via incubation with horseradish peroxidase‐conjugated secondary antibodies and Pierce ECL Plus western blotting chemiluminescent substrate (4A Biotech Co., Ltd., Beijing, China).

Cell proliferation assays {#tca13487-sec-0012}
-------------------------

For IL3‐independent assays, 5000 cells/well were plated on 96‐well plates, and allowed to grow in RPMI 1640 with or without IL3 for three days. Cell viability was determined using a CellTiter 96 Aqueous One solution proliferation kit (MTS; Promega, Fitchburg, WI, USA) according to the manufacturer\'s protocol. For erlotinib sensitivity assays, 10 000 cells/well were inoculated onto 96‐well plates, and treated in the appropriate medium with a series concentrations of erlotinib for three days. For the screening of natural compounds,[^42^](#tca13487-bib-0042){ref-type="ref"} Ba/F3‐insH cells were seeded on 96‐well plates in the presence of 1 μM erlotinib with or without 10 μM compounds (each chosen from a library of 56 compounds; see Supporting Information excel) for 72 hours. At the end of this period, cell viability was measured, and compared among samples using a two‐tailed Student\'s *t*‐test. A synergy score was developed based on the ‐log10 of the *P*‐value of this *t*‐test and was taken to indicate synergistic inhibition of growth (positive score) or antagonism (negative score).

Trypan blue and crystal violate staining assay {#tca13487-sec-0013}
----------------------------------------------

Trypan blue staining was used to evaluate cell growth ability of Ba/F3‐insH cells Briefly, cells were plated on 60 mm plates and treated in the appropriate medium with the indicated combination for 48 hours and 72 hours. Cell counts were performed using Trypan blue dye exclusion (Thermo Fisher Scientific, Carlsbad, CA, USA). For crystal violate (Solarbio) staining, Ba/F3‐insH cells were seeded on 60 mm plates with agarose medium at a density of 1000 cells per plate, and exposed to the indicated treatment for 11 days, with medium changes once every three days. Cells were fixed with 4% formaldehyde for five minutes, stained with 0.5% crystal violet in the dark for 30 minutes, and washed in flowing water overnight. Photographs of stained cells were obtained using a camera (Canon, Tokyo, Japan).

Cell apoptosis {#tca13487-sec-0014}
--------------

Cell apoptosis was analyzed by flow cytometry with the following steps. Ba/F3‐insH cells were plated on 60 mm plates with the indicated combination for 48 hours or 72 hours. The cells were then obtained and washed twice with cold PBS, and resuspended in 1x binding buffer at a concentration of 1 × 10^6^ cells/mL. Then, 100 μL of the solution (1 × 10^5^ cells) was transferred to a 1.5 mL centrifuge tube, and 5 μL FITC annexin V (BD Bioscience), as well as 5 μL PE propidium iodide (PI; BD Bioscience), were added for cell staining. After incubation for 15 minutes at RT (25°C) in the dark, 400 μL 1x binding buffer was added to each tube, and cell apotosis was analyzed by flow cytometry within one hour. The following controls were used to set up compensation and quadrants: unstained cells; cells stained with FITC annexin V (no PI); and cells stained with PI (no FITC annexin V).

Animal experiment {#tca13487-sec-0015}
-----------------

Ba/F3‐insH cell line xenografts were generated by injecting 5 × 10^6^ cells in 50% matrigel (BD Bioscience) into six‐ to eight‐ week old male nu/nu nude mice (Cavens, Changzhou, China). When the tumors had increased to 100 mm^3^, mice were randomized into four treatment groups: 20 mg/kg ellagic acid, 100 mg/kg erlotinib, combination of 20 mg/kg ellagic acid with 100 mg/kg erlotinib and vehicle control (0.5% Tween‐20 in saline). Tumor size was monitored using caliper measurements every two days and the volume was calculated according to the formula (tumor volume = 1/2\*length\*width\*width). Bodyweight was measured using an analytical balance every two days, and mice received drugs everyday. Photographs of the tumor and weight were recorded after humanly sacrificing the mice. Experiments were completed in agreement with Good Animal Practices and with approval from Yunnan Agricultural University Animal Care and Use Committee (Kunming, China).

Statistical analysis {#tca13487-sec-0016}
--------------------

The Student\'s *t*‐test was used to determine differences in cell viability between different treatments. *P* \< 0.05 was considered statistically significant. We performed our statistical analyses with GraphPad prism version 6 (La Jolla, CA, USA).

Results {#tca13487-sec-0017}
=======

Generation of a stable Ba/F3‐insH cell line {#tca13487-sec-0018}
-------------------------------------------

The Ba/F3 cell line is able to generate cells whose survival depends on mutant *EGFR*. In this study, to obtain a cell model expressing *EGFR*‐insH mutation, we transfected Ba/F3 cells with *EGFR*‐insH mutant plasmid by electroporation, and found that approximately 5% transfected cells expressed EGFR on their membrane 48 hours after electroporation (Fig [1a](#tca13487-fig-0001){ref-type="fig"}). After a selection with IL3‐deprivation, more than 99% transfected cells harbored EGFR molecules by flow cytometry analysis (Fig [1b](#tca13487-fig-0001){ref-type="fig"}). Also, the EGFR expression on transfected Ba/F3 cells was stable after the first and second monoclone (Fig [1c,d](#tca13487-fig-0001){ref-type="fig"}). To further confirm EGFR protein expression, a western blotting assay was performed, and the result showed that EGFR protein was overexpressed in transfected Ba/F3 cells, but not in untransfected Ba/F3 cells (Fig [1e](#tca13487-fig-0001){ref-type="fig"}). Having acquired our target cells, we evaluated the transforming ability of *EGFR*‐insH mutant as well as the responses of Ba/F3‐insH cells to erlotinib using a cell proliferation assay. For the transforming ability of *EGFR*‐insH mutant, Ba/F3‐insH as well as Ba/F3 cells were subjected to an IL3‐independent assay. The viability of Ba/F3‐insH cells in the absence of IL3 was near to the presence of IL3, but the proliferation ability of Ba/F3 cells was apparently dependent on IL3 (Fig [1f](#tca13487-fig-0001){ref-type="fig"}). These data indicated that the growth of Ba/F3 cells had been transformed in a IL3‐independent manner after being transfected with an EGFR‐insH plasmid. Next, we assessed the response rate of Ba/F3‐insH cells to erlotinib. The IC~50~ value was 6.136 μM (Fig [1g](#tca13487-fig-0001){ref-type="fig"}), almost in agreement with the previous studies.[^5^](#tca13487-bib-0005){ref-type="ref"}, [^36^](#tca13487-bib-0036){ref-type="ref"}

![Constuction of a stable Ba/F3‐insH cell line. (**a**--**d**) Flow cytometry results of EGFR expression in transfected cells. (**a**) Forty‐eight hours after electroporation, ![](TCA-11-2101-g007.jpg "image")P0‐C, ![](TCA-11-2101-g008.jpg "image")P0‐S; ![](TCA-11-2101-g009.jpg "image")P24‐C, ![](TCA-11-2101-g010.jpg "image")P24‐S. (**b**) After selection of IL3‐deprivation, ![](TCA-11-2101-g011.jpg "image")BaF3‐C, ![](TCA-11-2101-g012.jpg "image")BaF3‐S, ![](TCA-11-2101-g013.jpg "image")P‐C, ![](TCA-11-2101-g014.jpg "image")P24‐S; (**c**) After first monoclone, ![](TCA-11-2101-g015.jpg "image")BaF3‐C, ![](TCA-11-2101-g016.jpg "image")BaF3‐S, ![](TCA-11-2101-g017.jpg "image")P24‐D6G9‐C, ![](TCA-11-2101-g018.jpg "image")P24‐D6G9‐S; (**d**) After second monoclone; left graph, Ba/F3 cells (as a control); right graph, transfected Ba/F3 cells with EGFR‐insH plasmid; red dotted line, unstained cells; green solid line, cells stained with specific anti‐EGFR antibody, ![](TCA-11-2101-g019.jpg "image")BaF3‐C, ![](TCA-11-2101-g020.jpg "image")Ba‐F3‐S, ![](TCA-11-2101-g021.jpg "image")P24‐D6G9E11‐C, ![](TCA-11-2101-g022.jpg "image")P24‐D6G9E11‐S. (**e**) Western blotting results of EGFR and tubulin; 1. Ba/F3 cells, 2. transfected Ba/F3 cells. (**f**). Transforming ability of EGFR‐insH constructs introduced into Ba/F3 cells, IL3‐independent growth of Ba/F3 and Ba/F3‐insH cells. Values for cells grown without IL3 were normalized to the values for cells grown with IL3; \*\*\**P* \< 0.0001 (*n* = 6). ![](TCA-11-2101-g023.jpg "image")--IL3, ![](TCA-11-2101-g024.jpg "image")+IL3. (**g**) Response of Ba/F3‐insH cells to erlotinib, IC~50~ value was calculated by GraphPad prism V6 (*n* = 6). The transfection experiments were performed three times.](TCA-11-2101-g001){#tca13487-fig-0001}

Combination screen of natural compounds with erlotinib in Ba/F3‐insH cells {#tca13487-sec-0019}
--------------------------------------------------------------------------

On the basis of the poor potency of erlotinib toward Ba/F3‐insH cells, we sought to identify natural compounds that synergistically inhibit cell viability when combined with erlotinib. Across a library of 56 compounds, both lupalbigenin (LB) and EA exhibited a great synergistic inhibitory effect with erlotinib on the proliferation of Ba/F3‐insH cells (Fig [2a](#tca13487-fig-0002){ref-type="fig"}). To confirm the efficiency of the two compounds with erlotinib on cell proliferation, we tested a series of concentrations of LB and EA combined with erlotinib and observed that LB had no synergistic effect with erlotinib at all concentrations (Fig [2b](#tca13487-fig-0002){ref-type="fig"}), whereas EA showed a synergistic effect with erlotinib at the concentration of 10 μM (Fig [2c](#tca13487-fig-0002){ref-type="fig"}), although the effect of EA alone was quite weak (Fig [2d](#tca13487-fig-0002){ref-type="fig"}). Next, we detected the response of Ba/F3‐insH cells to erlotinib in the presence of serial concentrations of EA. A dose‐dependent assay indicated that the sensitivity of Ba/F3‐insH cells to erlotinib was improved in the presence of 5 and 10 μM EA (Fig [2e](#tca13487-fig-0002){ref-type="fig"}). These data indicated that EA was able to synergistically inhibit the proliferation of Ba/F3‐insH cells with erlotinib.

![Synergistic inhibition potential of natural compounds with erlotinib in Ba/F3‐insH cells. (**a**) Result from a combination screen across 56 natural compounds with erlotinib; synergy is based on enhancement of growth inhibition compared to either compound alone. (**b**) Result of indicated concentrations of lupalbigenin (LB) with erlotinib. (**c**) Result of indicated concentrations of EA with erlotinib. (**d**) Dose response curve of EA in Ba/F3‐insH cells. (**e**) Dose‐dependent response of Ba/F3‐insH cells to erlotinib in the presence of serial concentrations of EA. The concentration‐dependent assay of EA with erlotinib was performed three times, ![](TCA-11-2101-g025.jpg "image")DMSO, ![](TCA-11-2101-g026.jpg "image")EA (1 μM), ![](TCA-11-2101-g027.jpg "image")EA (5 μM), ![](TCA-11-2101-g028.jpg "image")EA (10 μM).](TCA-11-2101-g002){#tca13487-fig-0002}

Effect of ellagic acid with erlotinib on cell growth of Ba/F3‐insH cells {#tca13487-sec-0020}
------------------------------------------------------------------------

To identify the potency of EA with erlotinib toward Ba/F3‐insH cells, a trypan blue staining assay was initially recruited to evaluate the effect on cell growth. After treatment with the indicated concentrations of EA with erlotinib for 48 hours, the growth of Ba/F3‐insH cells was definitely constrained by 10 μM EA with 1 μM erlotinib when compared with control or each compound alone (Fig [3a](#tca13487-fig-0003){ref-type="fig"}). A similar result was achieved after treatment for 72 hours (Fig [3b](#tca13487-fig-0003){ref-type="fig"}).

![Effect of EA with erlotinib on the growth of Ba/F3‐insH cells. (**a**, **b**) Graphs of trypan blue staining after treatment with the indicated concentrations of EA with erlotinib for 48 hours (**a**) and 72 hours (**b**). The experiment was performed three times.](TCA-11-2101-g003){#tca13487-fig-0003}

Effect of ellagic acid with erlotinib on clonogenic potential of Ba/F3‐insH cells {#tca13487-sec-0021}
---------------------------------------------------------------------------------

We next assessed the clonogenic potential of Ba/F3‐insH cells 11 days after treatment with the indicated compounds. Crystal violate staining was used to display the number of colonies. The photographs indicated that EA partially inhibited the clonogenic potential of Ba/F3‐insH cells, erlotinib had virtually no effect, and their combination diminished the clonogenic potential almost completely (Fig [4](#tca13487-fig-0004){ref-type="fig"}). The data implied that the combination of EA with erlotinib vastly inhibited the clonogenic potential of Ba/F3‐insH cells.

![Effect of EA with erlotinib on clonogenic potential of Ba/F3‐insH cells. Colonies were stained with crystal violate 11 days after treatment with the indicated compounds. The result was representative of two independent experiments.](TCA-11-2101-g004){#tca13487-fig-0004}

Effect of ellagic acid with erlotinib on cell apoptosis of Ba/F3‐insH cells {#tca13487-sec-0022}
---------------------------------------------------------------------------

To further evaluate the role of EA with erlotinib in cell apoptosis of Ba/F3‐insH cells, we performed a flow cytometry assay where cells were plated on 60 mm plates and treated with assigned concentrations of EA with erlotinib for 48 hours or 72 hours. The results demonstrated that EA or erlotinib alone had hardly any role in cell apoptosis, and their combination dramatically promoted cell apoptosis 48 hours (Fig [5a](#tca13487-fig-0005){ref-type="fig"}) or 72 hours (Fig [5b](#tca13487-fig-0005){ref-type="fig"}) after treatment. In addition, the markers of cell apoptosis were detected by western blotting 24 hours after treatment. Result indicated that the expression of cleaved PARP and Bax was vastly increased by combination treatment, when compared to each compound alone (Fig [5c](#tca13487-fig-0005){ref-type="fig"}).

![Effect of EA with erlotinib on Ba/F3‐insH cell apoptosis. (**a**, **b**) Flow cytometry analysis of cells stained with annexin V and propidium iodide (PI) after treatment with the indicated combinations for (**a**) 48 hours and (**b**) 72 hours. (**c**) Western blotting analysis of cells after treatment with the indicated combinations for 24 hours. Result of flow cytometry analysis was representative of three independent experiments, and the western blot analysis was performed twice.](TCA-11-2101-g005){#tca13487-fig-0005}

Inhibitory effect of ellagic acid with erlotinib on tumor growth of Ba/F3‐insH cells in a xenograft model {#tca13487-sec-0023}
---------------------------------------------------------------------------------------------------------

Given the inhibitory effect of EA with erlotinib in vitro, we tried to explore the potential of EA with erlotinib in a xenograft model of Ba/F3‐insH cells. In this study, we created a mice xenograft model with injection of Ba/F3‐insH cells. Mice received the indicated treatments after tumor volume reached 100 mm^3^. Tumor volume and bodyweight were monitored every two days during the period of 16 days feeding. The data indicated that the change of tumor volume in the combination treatment was obviously decreased in comparison to vehicle and EA alone (Fig [6a](#tca13487-fig-0006){ref-type="fig"}), and these treatments had no observed toxicity on the basis of bodyweight (Fig [6b](#tca13487-fig-0006){ref-type="fig"}). After feeding, mice were sacrificed and the tumors were obtained and weighed. The results demonstrated that the tumor size in the combination treatment was smaller than vehicle and each compound alone (Fig [6c,d](#tca13487-fig-0006){ref-type="fig"}), and the tumor weight and the value of tumor weight/bodyweight in the combination treatment were also lower than vehicle (Fig [6e,f](#tca13487-fig-0006){ref-type="fig"}).

![Inhibition effect of EA with erlotinib in a xenograft model of Ba/F3‐insH cells. (**a**) Growth of tumors treated with vehicle, 20 mg/kg EA, 100 mg/kg erlotinib or combination for 16 days, \*comparison of combination to vehicle or EA alone, ![](TCA-11-2101-g029.jpg "image")Vehicle, ![](TCA-11-2101-g030.jpg "image")Ellagic acid, ![](TCA-11-2101-g031.jpg "image")Erlotinib, ![](TCA-11-2101-g032.jpg "image")Combination. (**b**) Change of bodyweight in the period of feeding. (**c**) Photograph of tumors after mice were sacrificed. (**d**) A quantitative morphometric analysis of tumor size. (**e**, **f**) Tumor weight (**e**) and value of tumor weight/bodyweight (**f**) after the mice were sacrificed. Animal experiments were performed once.](TCA-11-2101-g006){#tca13487-fig-0006}

Discussion {#tca13487-sec-0024}
==========

*EGFR* H773_V774 insH is an insertion mutation within exon 20, and lacks a patient‐derived cell line.[^5^](#tca13487-bib-0005){ref-type="ref"} In previous studies, several investigators have acquired a number of Ba/F3 cells stably expressing *EGFR* exon 20 insertion mutations.[^5^](#tca13487-bib-0005){ref-type="ref"}, [^36^](#tca13487-bib-0036){ref-type="ref"} However, their methods for cell selection were either uneconomical or time‐consuming. Hence, we tried to improve the cell selection method when creating a Ba/F3 stable cell line. The results of flow cytometry analysis indicated that more than 99% transfected cells expressed EGFR on their membrane after undergoing a process of IL3‐deprivation, which proved that the simplified selection method may be available for generation of Ba/F3 stable cell lines expressing *EGFR* mutant.

*EGFR* exon 20 insertion mutations have been identified as intrinsically resistant to available EGFR TKIs and the IC~50~ values of erlotinib were more than micromolar level.[^5^](#tca13487-bib-0005){ref-type="ref"}, [^36^](#tca13487-bib-0036){ref-type="ref"} In this study, after acquiring a Ba/F3‐insH cell line, we detected its response to erlotinib, and the IC~50~ value was 6.136 μM, which is at a same level with the values in previous studies. Next, we explored combination treatment against *EGFR* H773_V774 insH mutation by natural compound with erlotinib. In the screen assay, our data shown that ellagic acid (EA), a plant‐derived polyphenol, was the top synergistic candidate for inhibiting cell proliferation. We also determined that 10 μM EA with 1 μM erlotinib reduced proportional cell viability by more than 50%, while the proportional cell viability was nearly unaffected by EA or erlotinib alone, when compared with the control.

EA is a common metabolite present in many medicinal plants and vegetables with antioxidant, antiatherogenic, anti‐inflammatory, and neuroprotective effects.[^43^](#tca13487-bib-0043){ref-type="ref"}, [^44^](#tca13487-bib-0044){ref-type="ref"}, [^45^](#tca13487-bib-0045){ref-type="ref"}, [^46^](#tca13487-bib-0046){ref-type="ref"} In addition, it is a potential protective agent of the liver and skin and anticancer agent, due to its specific mechanisms that affect cell proliferation, apoptosis, DNA damage, and angiogenesis.[^47^](#tca13487-bib-0047){ref-type="ref"} In this study, we identified a combination of EA with erlotinib that strongly inhibited the growth and clonogenic potential of Ba/F3‐insH cells, and promoted cell apoptosis, when compared with control or each compound alone. In a xenograft model of Ba/F3‐insH cells, the combination treatment significantly reduced the growth of tumor volume, when compared with vehicle or EA alone, even though there is no significant difference between erlotinib and EA with erlotinib. Taken together, these findings provide a novel strategy for the application of natural compounds. In conclusion, we expressed the *EGFR* H773_V774 insH mutant in a Ba/F3 cell line and identified a combination treatment (EA with erlotinib) against *EGFR* H773_V774 insH mutation.
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